Quantum chemical calculations have been carried out to investigate the vibrational frequencies of clonazepam. The FTIR spectrum of clonazepam was recorded in the region 4000 to 400 cm -1 in the solid phase. The optimized geometry, wave number and intensity of the vibrational bands of clonazepam were obtained by ab initio Restricted Hartree Fock (RHF) and Density Functional Theory (DFT) methods with complete relaxation in the potential energy surface using the 6-31G (d,p) basis set. A complete vibrational assignment aided by the theoretical harmonic frequency analysis is proposed. The observed and the calculated wavenumbers are found to be in good agreement. The experimental spectra also coincide satisfactorily with those of theoretical spectra. Theoretical spectrograms for the IR spectrum were also constructed in RHF and B3LYP levels. In addition to this the RHF and DFT based NMR calculation procedure was used to assign the 
Introduction
Vibrational spectroscopy is an important tool for the structural investigation of the organic molecules. Benzodiazepines and their polycyclic derivatives are a very important class of bioactive compounds. Clonazepam is a benzodiazepine derivative drug having anticonvulsant, muscle relaxant and anxiolytic properties. Clonazepam is a benzodiazepine derivative drug with highly potent anticonvulsant, muscle relaxant, and anxiolytic properties. Chemical formula of clonazepam is C 15 H 10 ClN 3 O 3 . Clonazepam exerts its action by binding to the benzodiazepine site of the GABA receptors, which causes an enhancement of the electric effect of GABA binding on neurons resulting in an increased influx of chloride ions into the neurons. This results in an inhibition of synaptic transmission across the central nervous system [1, 2] . In spite of its importance for pharmaceutical purposes, however, the reported spectroscopical studies on clonazepam are scarce. The evolution of density function theory that includes electron correlation in an alternative way has affording opportunities of performing vibrational analysis of moderately large organic molecules. The results from DFT theory with results obtained from experiments has shown that the methods using B3LYP are the most promising in providing correct vibrational wave numbers. A scan of literature survey reveals that to the best of our knowledge, no DFT and RHF calculations of clonazepam have been reported so far.
Hence in this work, a systematic study on the structure and vibrational spectra of clonazepam with the aid of RHF and B3LYP methods, have been carried out.
Experimental Details
The Spectroscopic pure samples of clonazepam were procured from reputed pharmaceutical firm in Chennai. Fourier Transform Infrared (FTIR) spectrum was recorded on Bruker IFS 66V spectrophotometer by adopting the KBr pellet technique, in the region 4000 to 400 cm -1 . Nuclear magnetic resonance spectrum was recorded using Bruker AVANCE III 500 MHz FT-NMR Spectrometer.
Results and Discussion

Molecular Geometry
The optimized molecular structure for clonazepam in the ground state (in vacuo) was computed by RHF and B3LYP calculations with the 6-31G (d,p) basis set. The calculated geometrical parameters (bond lengths and bond angles) were compared with experimental geometrical parameters of structurally related molecules [4] . The optimized structural parameters obtained from the RHF and B3LYP/6-31G (d,p) calculations and the literature values are listed in Table 1 , in accordance with the atom numbering scheme given in Figure 1 . The slight deviation in literature data from the computed geometry is probably due to the fact that the intermolecular interactions in the crystalline state are dominant. A statistical treatment of these data shows that, for the bond lengths, Copyright © 2012 SciRes. OJBIPHY B3LYP/6-31G (d,p) is better than the RHF/6-31G (d,p) geometry. It can be noted from the correlation coefficient values that the theoretical predictions are in fairly agreement with the experimental value for bond length and bond angles.
Atomic Charge and 1 H NMR Spectral Analysis
The calculation of effective atomic charges plays an important role in the application of quantum mechanical calculations to molecular systems. The charge distribution on different atoms (C, N, O and Cl) for clonazepam from Mulliken population analysis (MPA) procedures using RHF and B3LYP methods is listed in Table 2 . From Table 2 , it is observed that the calculated Mulliken charge trends are consistent when comparing the RHF and DFT calculations. It is noticed that the carbon atom attached to oxygen and nitrogen atoms (C 2 , C 5 , C 7 and C 10 ) in both RHF and B3LYP is an electron-deficient atom (i.e. it possesses positive electronic charge due to electronegativity character). The most negative values are those that are present at nitrogen and oxygen, in the order: N 1 , O 18 , N 4 , O 22 , O 21 , O 12 . The remaining carbon atoms possess negative electronic charge. As the carbon atom C 2 is attached with both nitrogen and oxygen in either side, it pulls more charge from C 2 atom resulting in more positive charge on the site C 2 as compared with that of other carbon atoms. The atomic charges on C 9 atom become less negative as compared with that other carbon. 
Vibrational Band Assignment
According to theoretical calculations, clonazepam miniCopyright © 2012 SciRes. OJBIPHY mum energy structure belongs to the C 1 point group symmetry. The molecule has 32 atoms and 90 normal modes of fundamental vibrations. The fundamental modes of these groups are assigned on the basis of group vibrational concept and calculated vibrational frequencies. The harmonic vibrational modes calculated for clonazepam at the RHF and B3LYP levels using the 6-31G (d,p) basis set along with diffuse and polarization function have been summarized in Table 4 . The experimentally observed FTIR bands for various modes of vibrations are assigned and presented in Table 4 . The fundamental modes of clonazepam were assigned with the aid of animated Chemcraft program. The FTIR spectrum of the title molecule along with theoretically simulated IR spectrum is given in Figure 3 . It is noticed that the best representation of low frequency region IR spectrum is obtained in both the methods. From Table 5 , the predicted vibrational bands by both RHF and B3LYP agree well with the observed ones.
CH stretching: The aromatic structure shows the presence of CH stretching vibrations in the region 3100 to 3000 cm -1 . Krishnakumar [7] identified the strong CH stretching absorption of methylene group centered on 2925 cm -1 . According to Neville and Beckstead [6] the CH stretching is observed at 3104 and 3060 cm -1 in clonazepam. Hence, in the present study, the FTIR band at 3070 and 2976 cm -1 is assigned to CH stretching vibration. The CH stretching mode of vibrations due to methylene is identified and presented in the Table 4 . The calculated wavenumbers through RHF and DFT techniques are in good agreement with the experimental data.
C=O stretching: The carbonyl stretching frequency is very sensitive to the factors that disturb the nature of carbonyl group and its precise frequency is characteristic of the type of the carbonyl compound being studied. This region is considered as a very important region by organic chemists. The band due to C=O stretching vibration is observed in the region 1850 -1550 cm -1 due to tautomerism, pyrmidines substituted with hydroxyl groups are generally in the keto form and therefore have a strong band due to carbonyl group [8] . According to Neville and Beckstead [6] the C=O stretching is observed at 1693 cm -1 . Therefore in this present study the C=O stretching vibration was observed at 1654 cm -1 in FTIR is in excellent agreement with theoretically predicted frequency obtained in B3LYP/6-31G (d,p).
Conclusion
Attempts have been made in the present work for the proper vibrational band assignments for the compound clonazepam from FTIR spectrum. The difference between observed and calculated wavenumbers values of most of the fundamental modes is very small. Any discrepancy noted between the observed and the calculated vibrational band contrary to the experimental values recorded in the presence of intermolecular interactions. Therefore the assignments made at higher levels of theory with only reasonable deviations from the experimental values seem to be correct.
